Introduction {#s1}
============

Vegetarian dietary patterns, or vegetarian diets, are defined as diets that exclude meat, poultry, or fish and may or may not include dairy and eggs. Vegetarian dietary patterns are recognized for their health promoting properties as these diets are typically higher in fiber, antioxidants, phytochemicals, and plant protein and lower in saturated fat compared to non-vegetarian dietary patterns ([@B1]). Recent systematic reviews and meta-analyses of vegetarian dietary patterns have found that following a vegetarian dietary pattern was associated with reduced risk of coronary heart disease (CHD) in prospective cohort studies, but not with cardiovascular disease (CVD), or stroke ([@B2]). Vegetarian dietary patterns also improved cardiometabolic risk factors in randomized controlled trials in individuals with and without diabetes when compared to non-vegetarian dietary patterns ([@B3]--[@B5]). Currently, the *2015--2020 Dietary Guidelines for Americans* recommend a vegetarian dietary pattern, along with the Mediterranean and healthy U.S. style dietary patterns, as 1 of 3 healthy dietary patterns ([@B6]). A number of clinical practice guidelines for diabetes and CVD also recommend vegetarian dietary patterns based on the evidence from systematic reviews and meta-analyses of both prospective cohort studies and randomized controlled trials ([@B2]--[@B4]). The Canadian Cardiovascular Society ([@B7]), Diabetes Canada ([@B8]), the American Diabetes Association ([@B9]), and Diabetes UK ([@B10]) include vegetarian dietary patterns in their clinical practice guidelines for the reduction of cardiovascular disease (CVD) risk factors \[including low-density lipoprotein cholesterol (LDL-C), blood pressure (BP) and body weight risk\], CVD outcomes, and improvement in glycemic control for individuals with type 2 diabetes.

Despite the evidence supporting the widespread inclusion of vegetarian dietary patterns in dietary guidelines and clinical practice guidelines for nutrition therapy, the European Association for the Study of Diabetes (EASD) ([@B11]) has not assessed the evidence for the role of vegetarian dietary patterns in the prevention and management of CVD, an important outcome as CVD, particularly CHD, is the leading cause of premature death in individuals with diabetes ([@B12], [@B13]). To update the clinical practice guidelines for nutrition therapy to include recommendations for the role of vegetarian dietary patterns in the prevention and management of cardiometabolic diseases, the Diabetes and Nutrition Study Group (DNSG) of the EASD commissioned a series of systematic reviews and meta-analyses using the Grading of Recommendations, Assessment, Development, and Evaluation (GRADE) approach, a standard in guideline development to assess the certainty of evidence for important research questions in healthcare. Additional systematic reviews and meta-analyses on vegetarian dietary patterns, diabetes incidence and cardiometabolic risk factors were conducted to update the EASD clinical practice guidelines ([@B5]). These systematic reviews and meta-analyses were conducted as the GRADE approach was not previously assessed on this topic. The present systematic review and meta-analysis using GRADE was conducted to address the question of whether the available evidence from prospective cohort studies of vegetarian dietary patterns in comparison with non-vegetarian dietary patterns shows an association with reduced risk of major cardiovascular outcomes in individuals with and without diabetes.

Methods {#s2}
=======

Study Design
------------

We conducted a systematic review and meta-analysis following the methodology from the Cochrane Handbook for Systematic Reviews and Interventions ([@B14]). Reporting followed the Meta-analysis of Observational Studies in Epidemiology (MOOSE) ([@B15]) and PRISMA guidelines ([www.prisma-statement.org](http://www.prisma-statement.org)). The study protocol was registered on ClinicalTrials.gov (identifier NCT03610828).

Data Sources and Searches
-------------------------

We searched MEDLINE, EMBASE, and the Cochrane Library (through September 6th, 2018) for relevant prospective cohort studies in humans with no language restrictions. The search strategy is presented in [Supplementary Table 1](#SM1){ref-type="supplementary-material"}. We supplemented the search with manual searches by identifying cohort studies in the reference lists of included studies.

Study Selection
---------------

We included studies based on the following PICOS (population, intervention, comparator, outcomes, and study design): Population included individuals of all ages with and without diabetes; intervention included vegetarian dietary patterns; comparator included non-vegetarian dietary patterns; outcomes included major cardiovascular outcomes (CVD, CHD, stroke mortality, and incidence) and study design included prospective cohort studies of ≥1-year duration. Vegetarian dietary patterns were considered either as lacto-ovo vegetarian diets, which includes dairy and eggs but excludes all other animal products, or vegan diets, which exclude all animal products including dairy and eggs.

Data Extraction
---------------

Two reviewers (AJG and EV or MS) independently reviewed the articles, extracted relevant data, and assessed risk of bias.

Risk of Bias
------------

The Newcastle-Ottawa Scale (NOS), a scoring system developed to assess the quality of nonrandomized studies, was used to assess the risk of bias. The studies are judged on three broad perspectives and can receive up to a total of 9 points. The first section is cohort selection (max 4 points), which includes representativeness of the exposed cohorts, selection of the non-exposed cohort and ascertainment of exposure. The second section is the comparability of cohort (max 2 points), which refers to the appropriate inclusion of confounding variables in the analysis. The last section is adequacy of the outcome measures (max 3 points), which includes assessment of outcome and adequacy of follow-up ([@B16]). Studies achieving 6 points or more were considered high quality. Differences were reconciled by consensus.

Outcomes
--------

There were 6 primary outcomes included in the analysis: CVD mortality, CHD mortality, stroke mortality, CVD incidence, CHD incidence, and stroke incidence. CVD incidence and mortality includes all forms of CVD, including both CHD, and stroke outcomes. CHD includes incidence or mortality from atherosclerosis and/or myocardial infarction. Stroke incidence and mortality includes all forms of stroke, including ischemic, hemorrhagic, and unspecified.

Statistical Analyses
--------------------

Primary and sensitivity analyses were conducted using Review Manager (RevMan), version 5.3 (Copenhagen, Denmark) and subgroup and publication bias analyses was conducted using STATA software, version 13.0 (College Station, TX, USA). Individual cohort comparison relative risks (RRs) from the most adjusted models were obtained comparing vegetarian vs. non-vegetarian dietary patterns. Hazard Ratios (HRs) were treated as RRs. To obtain summary estimates, we natural log-transformed the RRs and pooled them using DerSimonian-Laird random effects models ([@B17]). Heterogeneity was assessed (Cochran Q statistic) and quantified (*I*^2^ statistic). If *I*^2^ was ≥50% and *p* \< 0.10, then we interpreted this finding as evidence of substantial heterogeneity ([@B18]). Sources of heterogeneity were investigated through sensitivity and subgroup analyses. Sensitivity analyses were performed by systematically removing each study from the meta-analysis with recalculation of the summary estimates in order to assess whether any single study exerted an undue influence on the summary estimates (change of significance and/or direction of association or change of significance of heterogeneity estimate). If ≥10 cohort comparisons were available, a priori subgroup analyses by sex (female, male), type of vegetarian diet (vegan, lacto-ovo), underlying disease status (i.e., diabetes), follow-up (\<10 vs. ≥10 years), validation of dietary assessment methods (yes vs. no), NOS (\<5 vs. ≥6), and funding source (agency, industry) was conducted using meta-regression. If ≥10 cohort comparisons were available, publication bias by visual inspection of funnel plots and formal testing using the Begg and Egger tests was conducted ([@B19], [@B20]). When publication bias was suspected, adjustment for funnel plot asymmetry was done by imputing missing study data using the Duval and Tweedie trim and fill method ([@B21]).

Grading of the Evidence
-----------------------

The certainty and strength of the evidence was assessed using the Grading of Recommendations, Assessment, Development, and Evaluation (GRADE) system ([@B18], [@B22]--[@B33]). Included observational studies started at low-certainty of evidence by default and then were downgraded or upgraded based on pre-specified criteria. Criteria to downgrade certainty included study limitations (weight of studies showing risk of bias by NOS), inconsistency (substantial unexplained inter-study heterogeneity, *I*^2^ ≥ 50% and *P* \< 0.10), indirectness (presence of factors relating to the population, exposures and outcomes that limit generalizability), imprecision \[95% CIs were wide or crossed a minimally important difference of 5% (RR 0.95--1.05) for all CVD outcomes\] and publication bias (significant evidence of small-study effects). Criteria to upgrade included a large effect size (RR \> 2 or RR \< 0.5 in the absence of plausible confounders), a dose--response gradient and attenuation by plausible confounding effects.

Results {#s3}
=======

[Figure 1](#F1){ref-type="fig"} shows the flow of the literature search. Of the 233 reports found, 6 reports with 7 unique prospective cohort studies met eligibility criteria. The 7 unique cohorts include: EPIC-Oxford ([@B34], [@B35]), Heidelberg Study ([@B36]), Adventist Health Study-2 (AHS-2) ([@B37]), Adventist Mortality Study (AMS) ([@B38]), Adventist Health Study-1 (AHS-1) ([@B38]), Oxford Vegetarian Study ([@B39]), and Health Food Shoppers Study ([@B39]) ([Table 1](#T1){ref-type="table"}). We included sex-specific data from one cohort ([@B37]) as separate comparisons. Therefore, we included 6 cohort comparisons for CVD mortality (144,247 participants, 3,307 cases) ([@B34], [@B36], [@B37], [@B39]), 8 cohort comparisons for CHD mortality (197,737 participants, 2,988 cases) ([@B34], [@B36]--[@B39]), 5 cohort comparisons for stroke mortality (122,525 participants, 1,113 cases) ([@B34], [@B38], [@B39]), and 1 cohort comparison for CHD incidence (44,561 participants, 1,235 cases) ([@B35]) ([Figure 2](#F2){ref-type="fig"}; [Table 1](#T1){ref-type="table"}). Data from two cohorts (AMS and AHS-1) were extracted from a previous pooled analysis ([@B38]). No studies were found that were exclusive to individuals with diabetes or that included subgroup analyses of individuals with diabetes. No studies were found reporting CVD and/or stroke incidence.

![Summary of evidence search and strategy.](fnut-06-00080-g0001){#F1}

###### 

Summary of characteristics of prospective cohort studies assessing the association between vegetarian dietary patterns and major cardiovascular outcomes.

  **References**                  **Cohort**                  **Country**   **No. of participants**   **% vegetarians**   **Outcomes**                  **No. of cases**                     **Person-years**   **Age range, years**                 **Mean follow-up, years (dates)**                    **Diet assessment method to determine vegetarian status**                                                       **Exposure**                                                           **Methods of outcome assessment**   **NOS quality score**   **Funding source**
  ------------------------------- --------------------------- ------------- ------------------------- ------------------- ----------------------------- ------------------------------------ ------------------ ------------------------------------ ---------------------------------------------------- --------------------------------------------------------------------------------------------------------------- ---------------------------------------------------------------------- ----------------------------------- ----------------------- ----------------------------------------
  Crowe et al. ([@B35])           EPIC---Oxford               UK            10,602 (M) 33,959 (W)     34                  Incident CHD                  1,235                                517,960            20--89                               11.6 (1993--2009)                                    Validated 130-item FFQ and global questions about meat, fish, dairy, and eggs[^f^](#TN6){ref-type="table-fn"}   Vegetarian/ vegan vs. non-vegetarian                                   Medical record linkage              7                       Agency[^a^](#TN1){ref-type="table-fn"}
  Chang- Claude et al. ([@B36])   Heidelberg Study            Germany       858 (M) 1,046 (W)         61.2                CVD + CHD mortality           255 (CVD) 72 (CHD)                   NR                 10--85                               21 (1976--1999)                                      FFQ included meat, fish, dairy, and eggs                                                                        Vegetarian/ vegan vs. non-vegetarian                                   Death certificates                  6                       NR
  Orlich et al. ([@B37])          AHS-2                       USA           25,105 (M) 48, 203 (W)    28.9                CVD + CHD mortality           987 (CVD) 372 (CHD)                  NR                 57[^b^](#TN2){ref-type="table-fn"}   5.79 (2002--2009)                                    Validated \>200-item FFQ[^g^](#TN7){ref-type="table-fn"}                                                        Vegetarian/ vegan vs. non-vegetarian[^d^](#TN4){ref-type="table-fn"}   National Death Index                6                       Agency[^a^](#TN1){ref-type="table-fn"}
  Key et al. ([@B38])             Adventist Mortality Study   USA           8,994 (M) 15,544 (W)      41.8                CHD + stroke mortality        598 (CHD) 182 (Stroke)               138, 304           35--80                               5.5 (1960--1965)                                     21-item FFQ                                                                                                     Vegetarian vs. non-vegetarian                                          Medical record linkage              6                       Agency[^a^](#TN1){ref-type="table-fn"}
  Key et al. ([@B38])             AHS-1                       USA           12, 214 (M) 16, 738 (W)   27.6                CHD + stroke mortality        921 (CHD) 317 (Stroke)               320, 818           25--89                               11.1 (1976--1988)                                    \>60-item FFQ                                                                                                   Vegetarian vs. non-vegetarian                                          Medical record linkage              6                       Agency[^a^](#TN1){ref-type="table-fn"}
  Key et al. ([@B34])             EPIC---Oxford               UK            11, 324 (M) 35, 930 (W)   34                  CVD, CHD + stroke mortality   479 (CVD) 213 (CHD) 159 (Stroke)     506, 620           20--89                               8--14[^c^](#TN3){ref-type="table-fn"} (1993--2007)   Validated 130-item FFQ and global questions about meat, fish, dairy and eggs[^f^](#TN6){ref-type="table-fn"}    Vegetarian/ vegan vs. non-vegetarian[^e^](#TN5){ref-type="table-fn"}   Medical record linkage              7                       Agency[^a^](#TN1){ref-type="table-fn"}
  Appleby et al. ([@B39])         Oxford Vegetarian Study     UK            4,174 (M) 6,871 (W)       42                  CVD, CHD + stroke mortality   469 (CVD) 250 (CHD) 125 (Stroke)     NR                 16--89                               17.6 (1980--2000)                                    Never ate meat or fish statement                                                                                Vegetarian vs. non-vegetarian                                          Medical record linkage              5                       Agency[^a^](#TN1){ref-type="table-fn"}
  Appleby et al. ([@B39])         Health Food Shoppers        UK            4,325 (M) 6,411 (W)       43                  CVD, CHD + stroke mortality   1,117 (CVD) 562 (CHD) 330 (Stroke)   NR                 16--89                               18.7 (1973--1999)                                    "Are you vegetarian?" question                                                                                  Vegetarian vs. non-vegetarian                                          Medical record linkage              6                       Agency[^a^](#TN1){ref-type="table-fn"}

*AHS-1, Adventist Health Study-1; AHS-2, Adventist Health Study-2; CHD, coronary heart disease; CVD, cardiovascular disease; EPIC, European Prospective Investigation Into Cancer; FFQ, food frequency questionnaire; M, men; NR, not reported; NOS, Newcastle-Ottawa Scale; USA, United States; UK, United Kingdom; W, women*.

*Agency funding is that from government, university or not-for-profit health agency sources*.

*Mean age*.

*Range of years of follow-up*.

*Reported disease associations for other forms of vegetarianism in original publication (i.e., vegan, lacto-ovo, pescatarian, semi-vegetarian); only overall vegetarian diet included in current analysis*.

*Reported disease associations for pescatarians in original publication; combined vegetarian and vegan diet data included in current analysis*.

*Vegetarian dietary pattern determined by 4 global questions relating to never eating meat, fish, dairy or eggs or by intake of relevant food items reported in FFQ (first 1,300 participants); FFQ validated for nutrients only*.

*Vegetarian dietary pattern determined by intake of food items of animal origin reported on FFQ; FFQ validated for animal foods/food groups*.

![Summary of the pooled effect estimates and certainty of evidence of prospective cohort studies assessing the association between vegetarian dietary patterns and major cardiovascular outcomes. Pooled risk estimate is represented by the diamond. Values of *I*^2^ ≥ 50% indicate substantial heterogeneity ([@B18]). Values \> 1.0 indicate an adverse association. The Grading of Recommendations, Assessment, Development, and Evaluation (GRADE) of prospective cohort studies are rated as "Low" certainty of evidence and can be downgraded by 5 domains and upgraded by 3 domains. The filled black squares indicate downgrade and/or upgrades for each outcome. CHD, coronary heart disease; CI, confidence interval; CVD, cardiovascular disease; NA, not applicable.](fnut-06-00080-g0002){#F2}

Study Characteristics
---------------------

[Table 1](#T1){ref-type="table"} shows the characteristics of the included prospective cohort studies. Participants were from the United States, the United Kingdom and Germany, mostly middle-aged (median age range: 33--58 years) and belonged to specific health-conscious groups (i.e., health food store shoppers, members of vegetarian societies, subscribers to vegetarian magazines, and members of the Seventh-Day Adventist church). Prevalence of individuals in the cohorts who followed a vegetarian dietary pattern ranged from 28 to 62%. While no studies excluded individuals with diabetes, only one cohort (EPIC-Oxford) reported prevalence of diabetes (1%) in their cohort ([@B35]) and no cohorts conducted subgroup analyses for individuals with diabetes. The mean follow-up durations ranged from 5.5 to 21 years. There were more female than male participants across all outcomes. Ascertainment of cases was done by medical record linkage for all cohorts except one (Heidelberg study), which ascertained mortality through death certificates ([@B36]). Vegetarian dietary patterns (combined lacto-ovo and/or vegan) were compared to non-vegetarian, or omnivorous, dietary patterns for all outcomes. This was because only one cohort (AHS-2) reported separate disease associations for different types of vegetarian dietary patterns: lacto-ovo and vegan diets ([@B37]). Although dietary intake was assessed by a food frequency questionnaire at baseline in most studies, the assignment of vegetarian status was often based on responses to global questions about the consumption of meat, poultry and/or fish. For example, one cohort (Health Food Shoppers) asked the question "Are you vegetarian?" and one cohort (Oxford Vegetarian Study) asked about never eating meat or fish ([@B39]). The EPIC-Oxford cohort assigned vegetarian diet status through four questions on diet groups (meat, fish, dairy, and eggs) or through a food frequency questionnaire (FFQ) ([@B34], [@B35]). All studies were funded by agency alone; except for one cohort (Heidelberg Study), which did not report funding sources ([@B36]).

[Supplementary Table 2](#SM1){ref-type="supplementary-material"} show the statistical adjustments performed in the included studies. All studies adjusted for the pre-specified primary confounding variable (age). No studies adjusted for all 7 of 9 predefined secondary confounding variables for CVD outcomes (sex, family history of CVD, smoking, markers of overweight/obesity, diabetes, hypertension, dyslipidemia, energy intake, and physical activity) and only one cohort (Oxford Vegetarian Study) adjusted for diabetes status ([@B39]).

Risk of Bias Assessment
-----------------------

[Supplementary Table 3](#SM1){ref-type="supplementary-material"} shows the NOS scores for the included prospective cohort studies. Although several studies lost points in several domains, only one cohort (Oxford Vegetarian Study) showed evidence of serious risk of bias (NOS \<6) ([@B39]).

Vegetarian Dietary Patterns and CVD Mortality
---------------------------------------------

[Figure 2](#F2){ref-type="fig"} and [Supplementary Figure 1](#SM1){ref-type="supplementary-material"} show the association between vegetarian dietary patterns and CVD mortality (6 cohort comparisons, 144,247 participants and 3,307 cases). We found no significant association (RR 0.92, 95% CI 0.84, 1.02, *p* = 0.13) with no evidence of heterogeneity (*I*^2^ = 34%, *P* = 0.18) when we compared vegetarian dietary patterns to non-vegetarian dietary patterns.

Vegetarian Dietary Patterns and CHD Mortality
---------------------------------------------

[Figure 2](#F2){ref-type="fig"} and [Supplementary Figure 2](#SM1){ref-type="supplementary-material"} show the association between vegetarian dietary patterns with CHD mortality (8 cohort comparisons, 197 737 participants and 2,988 cases). We found a protective association (RR 0.78, 95% CI 0.69, 0.88, *p* \< 0.0001) with no evidence of substantial heterogeneity (*I*^2^ = 46%, *P* = 0.07) when we compared vegetarian dietary patterns to non-vegetarian dietary patterns.

Vegetarian Dietary Patterns and Stroke Mortality
------------------------------------------------

[Figure 2](#F2){ref-type="fig"} and [Supplementary Figure 3](#SM1){ref-type="supplementary-material"} show the association between vegetarian dietary patterns with stroke mortality (5 cohort comparisons, 122,525 unique participants and 1,113 cases). We found no significant association (RR 0.92, 95% CI 0.77, 1.10, *p* = 0.36) with no evidence of heterogeneity (*I*^2^ = 44%, *P* = 0.13) when we compared vegetarian dietary patterns to non-vegetarian dietary patterns.

Vegetarian Dietary Patterns and CHD Incidence
---------------------------------------------

[Figure 2](#F2){ref-type="fig"} shows the association between vegetarian dietary patterns with CHD incidence (1 cohort comparison, 44,561 participants and 1,235 cases). We found a protective association (RR 0.72, 95% CI 0.61, 0.85) in this cohort between vegetarian dietary patterns and CHD incidence. As only one cohort comparison was found, a test for overall effect or heterogeneity was not possible.

Sensitivity Analyses
--------------------

[Supplementary Table 4](#SM1){ref-type="supplementary-material"} show the sensitivity analyses involving the systematic removal of each study for CVD, CHD and stroke mortality, respectively. For CVD mortality, removing each study did not change the direction or significance of the result, or result in significant heterogeneity. For CHD mortality, the direction or significance of the association did not change, however, individually removing the Adventist Mortality Study, the Heidelberg Study, the Adventist Health Study-2 (men), the Adventist Health Study-2 (women), and EPIC-Oxford introduced significant heterogeneity. Similarly, for stroke mortality, the direction or significance of the association did not change, however, individually removing the Adventist Health Study-1 and the Health Food Shoppers study introduced evidence of substantial heterogeneity.

Subgroup and Publication Bias Analyses
--------------------------------------

Subgroup and publication bias analyses were not undertaken as there were \<10 cohort comparisons available for each of the CVD outcomes.

GRADE Assessment
----------------

[Figure 2](#F2){ref-type="fig"} and [Supplementary Table 5](#SM1){ref-type="supplementary-material"} show the GRADE assessments for the association between vegetarian dietary patterns and each CVD outcome. The evidence was rated as very low certainty for all outcomes. CVD and stroke mortality were rated as very low certainty owing to downgrades for serious imprecision and indirectness. CHD mortality was rated as very low-certainty owing to downgrades for serious indirectness. All mortality outcomes were downgraded for indirectness as the majority of the studies (comprising of 84--91% of weight in pooled analyses) were done in participants who belonged to specific health-conscious groups (e.g., vegetarian societies, health food store shoppers, subscribers to vegetarian magazines, or were members of the Seventh-day Adventist church). In addition, outcomes were downgraded for indirectness due to the lack of exclusive to or subgroups analyses in patients with diabetes. CHD incidence was rated as very low certainty due to serious indirectness (only one cohort was included in the analysis). Publication bias and a dose-response relationship were not assessed due to limited cohort comparisons.

Discussion {#s4}
==========

Summary of Main Findings
------------------------

The present systematic review and meta-analysis of prospective cohort studies including individuals with and without diabetes assessed the association between vegetarian dietary patterns (combined lacto-ovo and vegan) and major cardiovascular outcomes. A total of 8 cohort comparisons were included in the analysis: 6 for CVD mortality (144,247 participants and 3,307 cases), 8 for CHD mortality (197,737 participants and 2,988 cases), 5 for stroke mortality (122,525 participants and 1,113 cases), and 1 for CHD incidence (44,561 participants and 1,235 cases) ([@B34]--[@B39]). Pooled analyses showed that vegetarian dietary patterns were associated with a 22% decrease in CHD mortality and 28% decrease in CHD incidence. Vegetarian dietary patterns were not associated with reductions in CVD and stroke mortality. These findings will provide important evidence to update the clinical practice guidelines for nutrition therapy of the EASD on vegetarian dietary patterns.

Results in Relation to Other Studies
------------------------------------

Our results are consistent with systematic-reviews and meta-analyses of prospective cohorts previously conducted in this area, where vegetarian dietary patterns were associated with a 25% reduced risk of CHD mortality ([@B2]). The same study also found that vegetarian dietary patterns were not significantly associated with CVD and stroke mortality. While similar studies were included in both this study and the most recent past systematic reviews and meta-analyses ([@B2]), there were slight differences in methodology (i.e., we included sex-specific analysis as different comparisons when possible), and the study did not include a GRADE assessment of the certainty of the evidence, an important assessment for providing evidence-based recommendations for healthcare professionals and to identify knowledge gaps. Systematic reviews and meta-analyses of prospective cohort studies have also consistently shown that increased meat consumption has been associated with increased CVD outcomes, including CHD and stroke ([@B40]--[@B43]). Furthermore, the evidence from systematic reviews and meta-analyses of randomized controlled trials of intermediate CVD risk factors, including LDL-C, total cholesterol, BP and body weight, found that vegetarian dietary patterns and replacing animal protein with plant protein can significantly reduce these CVD risk factors compared to non-vegetarian dietary patterns or consuming animal protein ([@B3]--[@B5], [@B44], [@B45]).

We were unable to assess the quality of the vegetarian dietary patterns consumed in our pooled analysis due to the limited information on the exposure provided in the cohorts. This highlights an area to be considered in future studies as these aspects may be important for CVD prevention. Recently, an analysis of the Nurse\'s Health Study and Health Professionals Follow-up Study found that a healthy plant-based dietary pattern (which may or may not be vegetarian) was associated with reduced risk of CHD, whereas an unhealthy plant-based diet high in refined carbohydrates was associated with an increased risk of CHD ([@B46]). This finding suggests that the quality of a vegetarian dietary pattern may also be important and that healthy plant-based dietary patterns that include small amounts of meat, poultry or fish may also reduce risk of CHD. We were also unable to separate different types of vegetarian dietary patterns (e.g., vegan) in our pooled analysis due to limited sample size of vegans, highlighting another area to be considered in future studies. Vegan dietary patterns may impact health outcomes differently, as evidenced by an analysis of the Seventh-Day Adventist cohorts which showed that vegan dietary patterns may offer additional CVD protection, particularly in males ([@B47]).

Potential Mechanisms
--------------------

Several potential mechanisms may explain the protective association found with CHD in our systematic review and meta-analysis and for the cardioprotective effects of vegetarian dietary patterns found in randomized controlled trials. Vegetarian dietary patterns are typically higher in whole grains, fruits, vegetables, nuts, pulses and soy compared to non-vegetarian dietary patterns ([@B48]). This difference in eating pattern results in a diet that is typically higher in fiber, phytochemicals (e.g., antioxidants and plant sterols), plant protein, plant-based unsaturated fatty acids, and lower in energy density and saturated fat, factors that have been shown to reduce CVD risk factors and impact overall CVD health through both intrinsic and food displacement mechanisms ([@B1], [@B5], [@B45], [@B49]--[@B53]). A lower intake of saturated fat may explain the association of reduced risk with CHD, as high saturated fat diets have been shown to increase LDL-C ([@B54]), and LDL-C is a known causal factor in the development of atherosclerosis and CHD ([@B55]). Other novel mechanisms include reduced intake of heme iron from animal products ([@B56]--[@B59]) and less trimethyl N-oxide (TMAO) production ([@B60]), as higher intake and levels have both been associated with increased CVD events ([@B56]--[@B60]). Similar mechanisms may also play a role in reduced CVD and stroke incidence or mortality, however, we did not find protective associations of vegetarian dietary patterns with CVD or stroke mortality.

Strengths and Limitations
-------------------------

The strengths of this study are that we identified all available prospective cohort studies through a systematic search strategy, performed quantitative syntheses and assessed the certainty of the evidence using the GRADE approach. The inability to rule out residual confounding is a limitation inherent in all observational research and explains why prospective cohort studies start at a GRADE of low certainty. Potential sources of residual confounding include reverse causality, the reliability of self-report dietary intake ([@B61]) and measurement of the exposure to vegetarian and non-vegetarian dietary patterns, measured and unmeasured confounders included in statistical models, and important collinearity effects from related dietary and lifestyle factors. In particular, as diet was only assessed at baseline in each cohort, we cannot determine if individuals changed their diet over time to include meat or fish, which could lead to misclassification of vegetarian diets during follow-up ([@B62]). Some self-reported vegetarians may also consume small amounts of meat and fish, which could also result in misclassification of their diet ([@B63]). Another important limitation is indirectness of the study populations. We downgraded the certainty of the evidence for all of the mortality outcomes for serious indirectness, as the majority of the studies (comprising of 84--91% of weight in pooled analyses) were conducted in participants who belonged to specific health-conscious groups (e.g., vegetarian societies, health food store shoppers, subscribers to vegetarian magazines, or were members of the Seventh-day Adventist church) and the populations did not provide subgroup analysis of individuals with diabetes, limiting generalizability. We also downgraded the certainty of the evidence for CHD incidence for indirectness as it was limited to one cohort from the UK. Furthermore, there were no available prospective cohort studies that assessed the relationship of vegetarian dietary patterns with CVD and/or stroke incidence. A final limitation was imprecision. We downgraded CVD and stroke mortality for serious imprecision as the 95% CIs were wide and could not rule out clinically important benefit and/or harm.

Weighing the strengths and limitations of the evidence, the certainty of evidence was considered to be very low certainty for each CVD outcome, owing to downgrades of indirectness due to the limitations of the populations included for all outcomes, and downgrades of imprecision for CVD and stroke mortality.

Implications
------------

Although the evidence has been rated as very low certainty for all CVD outcomes, if we consider the current study results with findings from systematic reviews and meta-analyses of randomized controlled trials of vegetarian dietary patterns and findings from systematic reviews and meta-analyses of meat consumption in prospective cohort studies, we are provided with further and better quality evidence that vegetarian dietary patterns may be beneficial for CVD risk reduction. The evidence for vegetarian dietary patterns in CVD risk reduction is not only important for clinical practice and dietary guidelines to consider for individual health, but also for growing consumer concerns regarding climate change and animal welfare.

All prospective cohorts included in this analysis were conducted in North America or Europe, where following a vegetarian dietary pattern may be more beneficial for health than other areas in the world where small amounts of meat may improve nutritional status. Globally, in North America and Europe, the number of reported vegetarians is increasing but still remains low, with recent surveys in estimating 10% of the population follows a vegetarian or vegan diet ([@B64]--[@B67]). This highlights that there is room to shift more individuals toward this healthy dietary pattern as one strategy to improve cardiovascular health, including individuals who have diabetes. Interestingly, recent surveys have reported that 33% of Americans plan to buy more plant-based products in the next year ([@B68]), and in Europe recent surveys have indicated that 45% of consumers in Italy and France, 57% in Germany and 61% in Spain report that they regularly include meat-free days in their diet ([@B69]). Despite this increased interest in plant-based foods, there is some evidence from a small study in Canada that healthcare professionals are hesitant to recommend vegetarian dietary patterns as they are perceived as too difficult to follow ([@B70]). Moreover, the same study reported that 89% of patients living with diabetes did not know a vegetarian dietary pattern was an option to manage their disease and help prevent future CVD, however, 66% reported they would be willing to try the diet with the right support ([@B70]). Further, evidence supports that vegetarian dietary patterns have been shown to be as acceptable as other therapeutic diets, suggesting their suitability for long-term use ([@B71]--[@B73]).

The expanding plant-based food market and availability of vegetarian products in grocery stores and restaurants indicates that this dietary pattern may become easier to follow in the future. As mentioned previously, other implications of a vegetarian dietary pattern for ethical and environmental reasons may also be in line with the values and preferences of some individuals ([@B74], [@B75]). Many scientists have called for significant reductions in the consumption of animal products for sustainable planetary health, in which a vegetarian dietary pattern would fit, as recently described in the global scientific targets of the EAT-*Lancet* Commission ([@B76]). Given these consumer trends and concerns, healthcare professionals may have more clients interested in this dietary pattern. Therefore, there is an opportunity for healthcare professionals to consider a vegetarian dietary pattern as one dietary strategy, along with other dietary patterns such as the Mediterranean and Dietary Approaches to Stop Hypertension (DASH), to reduce CVD risk in their patients. Clinical practice guidelines, such as the EASD, should consider developing appropriate resources and tools for healthcare professionals to effectively counsel their patients and address barriers of those interested in following a vegetarian or more plant-based diet ([@B77]). Lastly, healthcare professionals can work with their clients to develop a vegetarian dietary pattern that is appropriately planned to ensure adequate nutrient intake, and to ensure that a reliable source of vitamin B12 is included in the diet of those following a vegan dietary pattern ([@B65]).

Conclusions {#s5}
===========

In conclusion, vegetarian dietary patterns were associated with a reduced risk of CHD mortality and incidence but were not associated with reductions in CVD and stroke mortality in predominantly middle-aged participants with and without diabetes. These findings and GRADE assessment provide a very low certainty of evidence for all CVD outcomes, which will be included in the EASD clinical practice guidelines for nutrition therapy. Sources of uncertainty include the observational study design from which one cannot infer causality, indirectness due to the specific groups studied, and imprecision in the pooled estimates for CVD and stroke mortality. Additional research will have an important influence on the certainty of our estimates. In the absence of randomized controlled trials, additional well-conducted prospective cohort studies in other populations assessing the relationship of vegetarian dietary patterns on CVD outcomes are needed. Future studies should also assess if there are differences between different forms of vegetarianism (e.g., vegan) and the nutritional quality of the vegetarian dietary patterns. There is also a need to assess the role of vegetarian dietary patterns in CVD prevention in patients with diabetes, as there were no studies exclusively in individuals with diabetes and no subgroups analyses conducted in those with diabetes. Lastly, and more importantly, there is a need for more high-quality evidence from large randomized trials assessing the effect of vegetarian dietary patterns on hard CVD outcomes in individuals with and without diabetes.
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